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PR0_S AT TiE LAlaLFf 16-Y00T _¢ _mD

T_ USDgG A 0.10 SCALB O_ I_BBODY NODBL

(57-0) 102 LINES (PRELIMINARY). (OA224)

by

Y. Esparza and D. B. Thornton
Shuttle Aerosciences

Rockwell International STS D&P Division

An experinental aerodynamic calibration of the baseline air data

probe systeu va_ eondueted in the Lugle¥ 16-Foot Tranmonic Wind Tunnel

from yebmary 23, 1976 to Xa_h 30, 1976.

Pressure data were obtalaed for the left and right air data probes

as well as the nose probe. Static presmtres and a total pressure were

measured on the surface of the 0.10 orbiter forebody. Balance force and

m_ent data were measured only for use in determining ating deflection

angles.

The orbiter forebod_ was varied through an angle of attack range

from -.5 throush 2_ de6Tees and sideslip angles of + 2, O, and - 2 at

Mach numbers of 0._, 0.6, 0.7, 0.8, 0.9, 0.95, 0.98, 1.075, i.i0, 1.15,

1.2, and 1.3.
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NOMENCLATURE

SYMBOL

ADS

FRL

CPAL

CPAU

CP i

CPTA

f_ADS X

f_F

fBF

lADS

1Fc_

1F B

Mi

1%

Pa

PAL

PAU

PFA

MNEMONIC

CPAL

CPAU

CPi

CPTA

MACHi

MACH

PAMB

PAL

PAU

PFA

DEFINITION

air data system

fuselage reference line

ADS lower angle-of-attack probe pressure coefficient

ADS upper angle-of-attack probe pressure coefficient

pressure coefficient for pressure at station i

air data probe total pressure coefficient

ADS _ calibration relationship, X = L or R

flight test probe _ calibration relationship

flight test probe B calibration relationship

ADS probe incidence angle in _ - plane relative to

FRL, deg.

flight test probe incidence angle in _ - plane

relative to FRL, deg.

flight test probe incidence angle in B - plane

relative to FRL, deg.

alternate calculations of freestream Mach number

freestreamMach number

ambient pressure, psia

ADS lower angle-of-attack pressure, psia

ADS upper angle-of-attack pressure, psia

flight test probe angle-of-attack pressure, psia



NOMENCLATURE(Continued)

SYMBOL MNEMONIC

PFB PFB

PSXDEC PSXDEC

PSFDEC PSFDEC

PSF PSF

PSA PSA

PS= P

PTXDEC PTXDEC

PTF PTF

PTFDEC PTFDEC

PTA PTA

eT

Q*x Q*x

Qcx QCX

qcf QCF

qc_ QCOMP

qf Q*F

q_ Q

RAF RAF

RAX RAX

DEFINITION

flight test probe angle-of-sideslip pressure, psia

ADS static pressure decrement

flight test probe static pressure decrement

flight test probe static pressure, psia

ADP static pressure, psia

freestream static pressure, psia

ADP total pressure decrement

flight test probe total pressure, psia

flight test probe total pressure decrement

ADP total pressure, psia

freestream total pressure, psia

ADS measured dynamic pressure, psia

ADS measured compressible dynamic pressure, psia

flight test probe measured compressible dynamic

pressure, psia

freestream compressible dynamic pressure, psia

flight test probe measured dynamic pressure, psia

freestream dynamic pressure, psia

flight test probe angle-of-attack calibration

parameter

Rosemount ADS probe angle-of-attack calibration

parameter



NOMENCLATURE(Conc_ded)

SYMBOL

RBF

RN_

t

Tt

Tt

WRT

Xo

Yo

Zo

aADSx

aF

B

8F

MNEMONIC

RBF

RN/L

TF

TTF

TTR

XO

YO

ZO

ALPHA

AXP

AF

BETA

BF

DEFINITION

flight test probe angle-of-sideslip calibration

parameter

Reynolds number per unit length, per foot

static temperature,_°Fahrenheit

total temperature, °Fahrenheit

total temperature, °Rankine

with respect to

orbiter longitudinal coordinate, inches

orbiter lateral coordinate, inches

orbiter vertical coordinate, inches

freestream angle-of-attack, deg.

ADS probe local angle-of-attack, deg.

flight test probe indicated orbiter angle-of-attack,

with respect to FRL, deg.

freestream sideslip angle, deg.

flight test probe indicated orbiter angle-of-sideslip,

with respect to FRL, deg.



DISCUSSION

Subsequent tests in other tunnels, 0A237, 0A238 (References 4

and 5), measuredeffects of tunnel blockage on probe measure-

ments. As reported in reference 4, these effects were concluded

to be significant during this test and should be considered when

interpreting these data.



CONFIGURATIONSINVESTIGATED

The model was a O.lO-scale replica of orbiter vehicle 102 forebody

denoted as model 57-0. Orbiter lines are duplicated from the nose to

orbiter Station 670. The model has an ogive fairing from Station 670 to

the support sting. Thermal protection system tiles are simulated on the

model outer surface forward of Station 600 with O.010 inch wide by 0.005

inch deep gaps. Canopywindshields are simulated by a recessed area with

radiused corners and edges. Figure 2a presents a sketch of the model.

Model photographs are presented in Figure 3-

A 0.B6-scale probe was mountedon the orbiter nose. This probe was

built by RosemountCorporation to simulate the orbiter flight test boom.

The actual flight test boomwill have vanes to measureangles-of-attack

and sideslip in addition to total and static pressure ports to determine

other flight conditions. The model probe is instrumented with only

pressures and has been calibrated to provide angles-of-attack and side-

slip as a function of these pressures (see Reference 2). The probe was

mountedin both its normal (upright) position and in a position where it

was rotated 180° from its normal position (inverted) during different

portions of this test.

Air data probes were simulated by 0.20-scale probes mounted on the

left and right side of the model. These probes were built by Rosemount

Corporation. The left air data probe was instrumented with a total

(PTA) and a static (PSA) pressure tap. The right probe was instrumented

with two static pressure taps (PAL and PAU). The actual flight air data



CORFIGTJRATIORS IRYESTIGAT_D (Continued)

probes will each measure four pressures. The model probes were cali-

brated, by Rosemount, to provide local angle of attack as a function of

the pressures it meaaures (see Reference 3). Figure 2c presents a sketch

of an air data system probe. The ADS probes were mounted in both their

normal locations (left probe on left side of model and right probe on

right side of model) and in reversed locations (right probe on left side

of model and left probe on right side of model).

The forebody was instrumented with 25 surface static pressure taps,

numbered i through 17 and 19 through 26. It also had 16 taps in thruster

cavities, numbered 27 through _2. These taps are located as shown in

Figure 2a and Table IV.

The following configurations were investigated:

Notation

ORB+ TPS

ORB + ADP

ORB + ADP (inverted)

ORB + ADP (rev)

ORB + ADP + Nose Boom

Description

Orbiter forebody model mounted upright
in the tunnel

Orbiter forebody with ADS probes, model

upright, probes in their normal locations
on the model

Orbiter forebody mounted inverted with

probes in their normal locations
on the model

Orbiter forebody mounted upright in the

tunnel with ADS probes in reversed
locations on the model

Orbiter forebody mounted upright with ,ADS

probes and nose boom mounted in their
normal locations onthe model



CONFIGURATIONS INVESTIGATED (Concluded)

,,Notation

ORB + _ + Nose Boom

(zSo)

Description

Orbiter forebody mounted upright with AI_

probes mounted in their normal position
on the model and nose boom inverted on
the model

The above notation, which is used in Table II and in the data descriptions,

repreeents the following model components :

Notatio_ Mo_dei Components

ORB or ORB + TPS B72 C15

_se Boom PR_

where the components are defined as:

Cc=ponent Descri_tlon

B72 Orbiter forebody with thermal protection syste_ (TPS),
model drawing SS-A01618

C15 Orbiter forebody canopy, model drawing SS-AOI615

PR_ Flight test nose boom, model drawing SS-A0166_

PR7 Left Air Data Probe, Rosemount Drawing No. 00856-1913,
00859 - 0108, Rockwell International model drawing
SS-AOI61_

PR8 Right Air Data Probe, (same drawings as left probe).

Table III gives a complete description of individual components.



TESTFACILITY E_SCRIPTION

The Langley 16-Foot Transonic Tunnel is a single return, atmospheric

wind tunnel with an air exchange for cooling. The air exchange tower

has adjustable intake and exit valves to provide a small amount of

control over the tunnel air temperature. The maximum amount of air

exchange is approximately 20%. The tunnel is powered by two counter-

rotating fans, 3_ feet in diameter, each driven by a 30,000 horsepower

electric motor. The fan blades have fixed pitch but their rotational

speed can be varied from 0 to 366 rpm by use of a variable frequency

power supply to the drive motors.

The test section is 22 feet long with a 15.5-foot wide octagonal

cross-section. Each corner of the octagon has a longitudinal slot. The

slots terminate at the diffuser entrance. The test section and model

support system are enclosed in a cylindrical tank 32 feet in diameter by

52 feet long. Wall divergence angle can be remotely varied from 0° to

0.8 °.

Test section freestream conditions vary over the following nominal

ranges:

Stagnation pressure

Stagnation temperature, °R

Unit Reynolds number, million per foot

Mach number

Dynamic pressure, psf

atmospheric

510 to 650

1.2 to 3.7

0.2 to 1.3

58 to 830

I0



TEST FACILIT_ DESCRIPTION (Concluded)

Models are mounted on a sting support system consisting of a 14-inch

diameter cylindrical body (onto which the sting mounts) supported on a

vertical strut cantilevered from a circular track under the tunnel floor.

The strut rotates to vary model angle of attack from -5° through 15°

(with a straigMt sting). The center of rotation is at tunnel station 134

(92.25 inches upstream of the cylindrical body) on the tunnel centerline.

This point is at the center of the tunnel window. The strut does not

rotate in roll or yaw.

Model forces and moments are measured by balances internally mounted

in the model. Force, pressure, and temperature data are recorded on

magnetic tape at a remote site using a Beckman 210 system. The system

can simultaneously record 99 analog channels of data. Data sampling

rate can be varied. An average of multiple samples is normally used for

data reduction. Data are reduced using a CDC 6600 series digital

computer.

A shadowgraph system, utilizing divergent light from a high pressure

mercury lamp is available. The light rays pass through the tunnel flow

field onto the opposite tunnel wall, which serves as a screen. The

resulting shadow is photographed with a camera utilizing an f2.5 lens

at a shutter speed of 1/150 second.

11



DATA REDUCTI ON

Six-component balance data were obtained to provide corrections to

angle-of-attack and yaw, no aerodynamic coefficient data were computed.

Pressure data were reduced to pressure coefficient form. Air data

probes and nose boom pressures required special reduction methods.

Flight test probe data were used to calculate probe measured angles-

of-attack and sideslip and other probe parameters as follows:

_F -- f_F (P_F) - iF_

_F = f_F (H_F) - iF_

where:

(PFA - PSF )/q _r_

(PTF - PSF)/q_

(PFB - PSF)/q_

(PTF- PSF)/q_

iF_ = probe incidence to FRL in _ plane
= -5.0o°

= probe incidence to FRL in # plane
iF# = -o.o6o

f_F = relationship between _F and RAY varying as a function

of#F and Mach number; results of Rosemount Corporation

calibration of the flight test probe as given in

Reference 2; used in Dataman computer routine which

simultaneously solved for _F and _F by first inter-
polating the calibration to the appropriate Mach no.,

then used P_F and f_f in conjunction with RBF and

_o_ in an iterative process to converge on a solution
_F and #F"

f_F relationship between #F and RBF varying as a function

_F and Mach number; results of Rosemount Corporation

calibration of the flight test probe; used in

conjunction with fo_F as described above.

12



DATA REDUCTION (Continued)

Additional flight test probe parameters calculated were:

PTFDEC
(PTF - PT_ )

(PTF - PSF)

(FSF - PS_ )
PSFDEC =

(_B - PSB)

Q*F (_F -PS_ )

qc_ qc®

QCF PTF - PSF

qc_ qC_

where:

qc

¢

]i + -i PS_ ' M_<I.0
t

6__2 6 - , M_ Zl.0-- _% - i

The following ratios were also calculated:

_F/_ , _/_, P_/PT_o, PSF/Ps_

Air data system probe data were reduced to provide probe measured

angle-of-attack as follows:

aADSx = f_ADS

where:

I( (PAL- PAU) )IPTA - PAL) + (PAL - PAU - iADS

2

f_ADS relationship between _ and probe pressures
determined by calibration, solution determined

by table look-up computer routine using linear
interpolation on calibration values; calibration

curves were first interpolated versus Mach no.;

13



DATA REDUCTION (Concluded)

detailed calibration information is given in

Reference 3.

PAL, PAU = data measured for right probe; right probe data

with sign on B reversed used for left probe.

The following probe parameters were calculated:

(eTA- er_)
PTXDEC =

(PTA - PSA)

(PSA - PSi)
PSXDEC =

(PTA - PSA)

QCX = (PTA - PSA) _ QCX/QC

qc_ qc_

The following ratios were computed:

PTA/PT , PSA/Ps , aADSx/_

There are several methods used to measure the tunnel conditions prevalent

at any given time. The particular combination of measurements utilized

can make a slight variation on calculated results. Mach number has been

calculated and presented using four different combinations of storage

tank static and total pressure measurements as follows:

i) Psonar ÷ Ptsona r ; most accurate - labelled MACH

2) Phelipot ÷ Pthelipo t ; labelled MACH 2

3) Pgage ÷ Ptgage; labelled MACH 3

4) Phelipot ÷ Ptgage ; labelled MACH 4

14
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T,,.]_zz.

TEST : 0A224 ]

TEST CONDITIONS

DATE " 3/15/T6

MACH NUMBER

0._

0.6

O.TO

0.80

0.90

0.95

0.98

1.0T5

i.i0

1.15

1.20

i.3o

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

REYNOLDSNUMBER

(per unit length)

2._ xzo6

3.3

3.7

3.9

4.2

_.3

4.3

_._

4.5

4.5

4.5

DYNAMICPRESSURE

(pounds/sq. inch)

i._7

2.9o

3.6_

4.32

STAGNATION TEMPERATURE

(degrees Fahrenheit)

6.o Tl MK IV-A

CAPACITY:

,12,000 lbs

6,000 ibs

2,500 lbs

ACCURACY:
COEFFICIENT
TOLERANCE:

,16tOO0 in-lb

COMMENTS:

17
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TABLE III. MOIEL DIMENSIONAL DATA

MODEL COMPONENT: B72

GENERAL IESCRT_PT!0N! Fore_hoary,÷_ 1.a .,,_e.,e

MODEL SCALE:

DRAWlR_ N_BER:

DIMENSIONS:

O.I00

SS-AOI612

Length - (In.)

Max Width - (In.)

Max Depth - (In.)

Fineness Ratio

(_ngth_x. Width)

Area - Ft2

Max. Cross-Sectional

Plan form

Wetted

Base

FULL SCALE

747.0

212.0

226.50

3.52_

330.30

MO_R.L SCALE

7_.70

21.20

22.65

3.524

3.303

2O



TABLEIII. MOIELDIMENSIONALDATA(Continued)

MOIELCOMPOJD_T:

G_mERALIESCRIPTION:

MO_L SCALE:

DRAWIX) R_4B_:

DIMERSIONSs

Length - In.

cl5

Canopy

0.i00

SS-AO_

Max Width - In.

Max Depth - In.

Fineness Ratio

Area - Ft 2

Max. Cross-Sectional

Planform

Wetted

Rase

FULL SCALE

a37.o

194.o

58.80

45.60

MOIEL SCALE

23.70

19.40

5.88

O.456
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPOREIT:

GERERAL EESCRIPTION:

MODELSCALE:

DRAWING N_ER:

DIMENSIONS:

Overall Length, along centerline to

sta. xo = z3.5oo (In.)

Max Dia., (Boom), In.

Max Dia., (Boom Adapter),In.

Angle of Incidence, Deg.

2
Area - In

Max. Circular Cross-Sectional

(Boom)

Max. Circular Cross-Sectional

(Boom Adapter)

Wetted

Base

PR_

Flight Test Nose Boom

0.36 Nose Boom and 0.100 Nose Boom Adapter

SS-A0166_

FULL SCALE

218.65

2.0

8.75

-5.0

12.57

2_.0.5

MOIEL SCALE

21.865

O.72

0.875

-5.0

1.629

2._05

22



TABLE III. MOEEL DIMENSIOEAL DATA (Continued)

MODEL O0MPOH_Tz

GENERAL IESCRIPTIOHx

M0_EL SCALEr 0.200

Left Band Air Dmta Probe

KbmERx SS-A0161_, Rosemount 008_5-1913, 00859-0108

Dimensions are from measurements of the probe.

DIMD_ONS: FULL SCALE

Length (Prove tip to sensor base), In. 10.90

Max. length, In. 14.385

Max. Dia., In. 1.00

Max Height, in. 7.250

Height, TPS surface to probe 4.975
centerline, In.

2
Area - In.

Max. Cross-Sectional (Probe) 0.785

Plan form

Wetted

MOIEL SCALE

2.18o

2.877

0.200

i._5o

0.995

o.o314

]_se
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TABLEIII. MODELDIMENSIONAL DATA (Concluded)

MODEL COMPOREFf:

GERERAL DESCRIPTION:

MOEEL SCALE: O.200

Right Hand Air Data Probe

DRAWING _K_4BER: SS-AOI61_

Dimensional Data to be su_plied later.

DIMENSIONS:

Length (Probe tip to sensor base), In.

Max. Length, In.

Max. Dia., In.

Max. Height, In.

Height, TPS surface to probe centerline,
In.

Area - In2

Max. Cross-Sectional (Probe)

Plan form

Wetted

FULL SCALE

lO. 90

l .38 

1.00

7.250

4.975

o.785

Base

MODEL SCALE

2.180

2.877

O.200

1._5o

0.995

o. O3l_

24



TABLE IV. PRESSURE TAP LOCATIONS

SURFACT STATICS

TAP

NO.

1

2

3,4
5,6

7,8
9
iO

ll, 12

13,14

15,16

17
19,20

21, 22

23,24
25,26

0.0

0.0

32.61
33.99
34.L_

0.0
0.0

33.0
33._6

34.35
0.0

33.71

37.07

34.56

35.76

23.5
27.6

29.6

I

29.2O
33.6
37.6
41.6

45.6

T_HUSTER CAVITIES

_ TAP
NO.

i ....

27
28

29
3O
31
32
35
37
36
38
41

39
42
_0

33
34

THRUSTER

NO.

112

122

132

i15

]25
135
116

126

136
146

113

123
134
144

157

158

PTF

PSF

PFA

PFB

FLIGHT TEST PROBE

FT Probe Total

FT Probe Static

FT Probe _ Angle

FT Probe _ Angle

PTA

PSA

PAL

PAU

AIR DATA SYST]_4

LH Air Data Probe Total

LH Air Data Probe Static

EH Air Data Probe Lower

Air Data Probe Upper

25
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b. Three-Quarter Rear View of Model 57-0 
Figure 3. Model Photographs 
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c. Right ADS Probe Alpha Sensor 

d. Left ADS Probe Pitot/Static Sensor 
Figure 3. Model Photographs 

3 2  



e. Three-Quarter Front  View of Model Showing Nose Boom 

f .  
F i g u r e  3. Model Pho tographs  

S i d e  View of Nose Boom 

3 3  



_XX

TABULATED_DATA

Tabulations of plotted data are available on request from Data Management
Servicea.
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